Effective oscillator strength distributions are systematically generated and tabulated for the alkali atoms, the alkaline-earth atoms, the alkaline-earth ions, the rare gases and some miscellaneous atoms. These effective distributions are used to compute the dipole, quadrupole and octupole static polarizabilities, and are then applied to the calculation of the dynamic polarizabilities at imaginary frequencies. These polarizabilities can be used to determine the long-range C 6 , C 8 and C 10 atom-atom interactions for the dimers formed from any of these atoms and ions, and we present tables covering all of these combinations.
Introduction
The long-range interaction between two spherically symmetric atoms can be written in the general form [1, 2, 3, 4] V (R) ≈ − C 6 R 6 − C 8 R 8 − C 10 R 10 + . . . ,
where the C n parameters are the London/van der Waals dispersion coefficients. There are two complementary approaches to the computation of the dispersion coefficients. One approach uses oscillator strength sum-rules [5, 6] , while the second utilizes Casimir-Polder relations and uses the dynamic polarizabilities computed at imaginary energies [7, 8] . These approaches can be regarded as complementary to each other.
The key to the first approach is to generate an oscillator strength distribution that incorporates excitations to bound excited states and to the continuum states. In practice, the oscillator strength distributions are best termed 'effective' oscillator strength distributions [9] . One might find that the lowest few excited states are accurately represented by the distribution, however the higher bound states and continuum states are approximated with a set of discrete effective oscillator strengths and energies. The oscillator strength distributions can be derived from ab-initio structure calculations 3 [10, 11, 12, 4] , experimental information such as refractive indices, atomic transition rates and photoionization cross sections [5, 6] , and sometimes both experimental and calculated oscillator strengths are used [12, 13] .
The Casimir-Polder relation is reliant on being able to calculate the dipole and multipole dynamic polarizabilities at imaginary frequencies. One way to calculate a dynamic polarizability is to use oscillator strength sum-rules in conjunction with a previously determined oscillator strength distribution.
An alternate approach is to directly compute the dynamic polarizability as part of a structure calculation [14, 15, 16] . The direct calculation of the dynamic polarizability is the preferred approach for structure calculations.
The present paper reports both effective oscillator strength distributions and dynamic polarizabilities for a number of spherically symmetric atoms and ions. The atoms presented are the noble gases, the alkali atoms and hydrogen, the singly-charged alkaline-earth ions and the alkaline earth atoms.
The long-range atom-atom interaction coefficients C 6 , C 8 and C 10 are also presented for any dimer formed from these atoms and ions. A previous tabulation of dynamic polarizabilities for many of these atoms does exist [17] . This previous tabulation only gave the dynamic dipole polarizabilities, while the present tabulation extends this to the quadrupole and octupole polarizabilities that are needed in the evaluation of C 8 and C 10 . The C 8 and C 10 dispersion coefficients are typically included in analysis of diatomic spectra aimed at characterizing the inter-atomic potential curve [18, 19, 20] . At distances beyond the LeRoy radius [21, 22] the inter-atomic interaction is reasonably well described by an interaction consisting exclusively of the dispersion interaction with the C 6 , C 8 and C 10 terms [4, 23] .
Definitions

Oscillator strength sum-rules
All of the polarization parameters that are reported were computed from their respective oscillator strength sum-rules with the dipole, quadrupole and octupole oscillator strengths f
0i from the ground state (with orbital and spin angular momentum equal zero) to the ith excited state defined [11, 4] as
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In this expression C ℓ is the spherical tensor of rank ℓ while ǫ 0i is the excitation energy of the transition.
The sum-rule for the adiabatic multipole polarizability, α (ℓ) [24, 4] is
One can also define other sum-rules [25, 26, 24] such as
where the S (ℓ) (−2) are just the multipole polarizabilities. The Thomas-Reiche-Kuhn (TRK) sum-rule says that S (1) (0) is equal to the number of electrons in the atom [27, 28, 29] . There also is the atom-wall dispersion parameter, C 3 defined as [30, 31, 4 ]
These sum-rules are a generalized sum which implicitly includes a sum of excitations to (E < 0) bound states and an integration taking into account excitations to (E > 0) continuum states. In the present work the sum-rule is explicitly discretized, which is a consequence of diagonalization in a finite-sized box due to the finite range of the chosen basis wave functions.
A similar application of the oscillator strengths is to determine the standard atom-atom adiabatic dispersion parameters. The dipole-dipole dispersion parameter between atoms A and B, C 6 is [24, 32]
A,0i f
(1) B,0j
ǫ A,0i ǫ B,0j (ǫ B,0j + ǫ B,0i ) ,
the dipole-quadrupole dispersion parameter, C 8 is [24, 32] 
A,0i f ǫ B,0i ǫ A,0j (ǫ B,0i + ǫ A,0j ) ,
and the dispersion parameter, C 10 is [24, 32]
A,0i f ǫ A,0i ǫ B,0j (ǫ A,0i + ǫ B,0j ) .
In a large dimension atomic structure calculation the sum-rules defined in Eq. 4 are calculated as: 
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Here, the first sum (with f c , ǫ c ) uses the core oscillator strength distribution for the number of coreelectrons (N c ) which is discussed later. The valence oscillator strength distribution from a calculation of size N can be logically broken up into the last three terms. Both the second and third sums (with f r , ǫ r ) represent the excitations to real (physical, E < 0) bound states. The second sum represents the contributions from the lowest, for example, N r′ = 4 excited states which typically account for more than 95% of the sum-rule for dipole excitations, while the excitations to more highly excited bound states are incorporated in the third sum. The fourth term (with f p , ǫ p ) contains the pseudo-oscillator strengths for excitations to (E > 0) continuum states.
The multipole valence oscillator strength distributions typically contain N = 15 − 6000 terms for each multipole. Distributions with more than 20 terms for a given multipole are too unwieldy for tabulation and easy computation. The solution to this problem is to construct an effective oscillator strength distribution (f e , ǫ e ) [33, 9] in which a few effective oscillator strengths were adopted to represent the impact of the excitations to highly-excited bound states and continuum states, that is, of the third and fourth sums in Eq. 9. In the present work, the sum-rule involving the effective oscillator strength distributions is calculated as 
The effective oscillator strength distribution (f e , ǫ e ) is solved by setting the new sum-rules S 
As an example, Fig. 1 depicts the dipole transitions included in the sum-rules for lithium. The core electrons were considered separately and assumed to only excite to a pseudo-state with an energy 6 ∆ for each multipole. The resulting core oscillator distribution (f c , ǫ c ) is discussed later. The valence excitations were described in two different ways as in Eq. 9 and Eq. 10. Fig. 1 : Schematic of the dipole transitions included in the sum-rules for lithium. The 1s 2 core electrons were assumed to only excite (via the dot-dashed line) to a 1s2 p pseudo-state with an energy ∆. The valence excitations are shown in two different ways as per Eq. 9 and Eq. 10: (a) is the case of Eq. 9 where the primary transitions are shown with solid connecting lines, whilst a large number of dashed-lines to highly-excited bound states (up to np) are included as well as pseudo-states (up to np) to describe the excitations to the continuum. (b) is the case of Eq. 10 where the transitions to 2p J and 3p J states were still included while only three effective transitions (the dot-dashed lines to the np ′ states) are adopted to represent the contributions from excitations to the highly-excited bound states as well as the continuum states. Table A shows the numerical convergence of the dispersion coefficients of lithium dimer calculated using effective oscillator strength distributions with varying sizes. The oscillator strengths of the lowest four physical transitions for dipole and octupole and lowest six physical transitions for quadrupole were included in the calculations and the number of effective oscillator strengths varied from N e = 0 to N e = 3. The exact results were produced using Eq. 9. A reasonable assessment is that each additional effective oscillator strength increases the accuracy by two orders of magnitude. Almost all of the effective oscillator strength distributions used in this paper have three effective oscillator strengths. This is sufficient to achieve an overall accuracy of at least five significant digits in the dispersion parameters.
Since there are three effective oscillator strengths adopted for almost all of the systems in the present work, six sum-rules were used to build a set of six non-linear equations and obtain the effective oscillator strength distribution. The set of equations were solved with the Mathematica program which sometimes failed when the non-linear equations had a dimensionality of 6. In such cases, the energy of the third effective oscillator strength was fixed manually and the dimensionality of the non-linear equations was reduced to be 5. The energy of the third effective oscillator strength was adjusted manually until the non-linear equations gave correct solutions. Table A Convergence of the C n dispersion parameters (in a.u.) for lithium dimer. The parameters are calculated using effective oscillator strength distributions with different sizes. N e gives the number of effective oscillator strengths that were adopted. The 'exact' results were calculated using Eq. 9. We thus adopt the N e = 3 set of effective oscillator strengths, ie. for each multipole (f 
Casimir-Polder relations
The dynamic polarizability at real frequencies is defined as
where a pole exists whenever the frequency is equal to a transition frequency. At purely imaginary frequencies one has
and there are no longer any poles.
The atom wall coefficient [11, 30] can be written as
The C 6 parameter is defined [26, 9] ,
while C 8 is [26, 9]
and C 10 [26, 9] is
Quadrature rules for Casimir-Polder integrations
The Casimir-Polder integrals are over the frequency range from zero to infinity. The integration mesh is constructed by mapping a Gauss-Legendre quadrature grid defined over the [0, 1] interval to the [0, ∞) interval using the transformation [34] 
Making this transformation leads to a set of weights and abscissa that constitute the quadrature rule. A uniform quadrature rule was adopted for the tabulation of the dynamic polarizabilities. A Gauss-Legendre rule was adopted with the scaling parameter, a = 1.0.
The accuracy of the quadrature rule was tested by performing the calculations on cesium. Values of C 3 , C 6 , C 8 and C 10 are calculated both directly from the oscillator strength sum-rules and from the Casimir-Polder integrals. Table B shows that an integration rule with 40 quadrature points is sufficient to give C 6 accurate to at least 8 significant digits. The values of C 8 and C 10 are even more accurate. Our least accurate dispersion parameter was C 3 which was precise to 5 significant digits. Comparison with the quadrature rules of Derevianko et al. (DPB) [17] , which used the transformation ω = 2 tan(uπ/2)
[17] are also given. The DPB quadrature rules were not as precise as present quadrature rules, with a 50 point rule giving only six digits accuracy for C 6 . All of the calculations given in Table B were done with the values computed to machine accuracy.
The dynamic polarizabilities tabulated later are thus all given using a 40-point Gauss-Legendre rule with the scaling parameter set to a = 1.0. For convenience example weights and abscissa for this rule are given in Table C to 7 significant figures, although we do use the full machine precision in our later calculations. The discussion of the effect that resulted from the use of the truncated values from all of the tables is postponed towards the end of the paper.
Atomic Models
The atomic models used to construct the oscillator strength distributions are discussed here. The static multipole polarizabilities and the atom-wall dispersion parameter, C 3 , for all systems are given in Table 1 . Comparisons with selected high accuracy calculations and/or experimental data are also incorporated in Table 1 . These tabulations enable an initial assessment of the reliability of the atomic structure models for the dispersion coefficient calculations that are presented later.
Table B
Convergence of the atom-wall coefficient C 3 of cesium and dispersion coefficients C n for cesium dimer. The first 'exact' row was computed using the sums as per Eqs. (5) (6) (7) (8) including the full set of cesium states from the large-basis calculation. The other rows are all computed using Casimir-Polder integrals. The number of Gauss-Legendre integration points is N. The results labeled DPB-N were computed using the tan-based transformation formula [17] . Note that the present calculations are all performed in full (double) precision (ie. the tables of values given in Ref. [17] to six digits were not used). All of the data is presented in a.u.. 
Hydrogen
The hydrogen atom was diagonalized in a basis of N = 15 Laguerre type orbitals for each angular momentum symmetry. Such a basis can give dispersion coefficients to an accuracy of 13 − 14 digits [35] . The resulting oscillator strength distribution does not include finite mass or relativistic effects.
These two effects tend to cancel each other.
Core oscillator strength distributions for multi-electron atoms
The alkali and alkaline-earth atoms have both core and valence electrons. The oscillator strengths for the core were determined by using oscillator strength sum-rules as constraints [36, 4] , i.e. the sumrules computed using the core oscillator strength distribution must be equal to a previous theoretical or experimental estimate of the mulitipole polarizabilities of the core [37] . Especially, for dipole transitions one can use the TRK sum-rule as another constraint besides the core polatizability.
The initial estimate of the multipole oscillator strength for each shell is [36, 4] :
where r 2ℓ−2 i expectation value is computed using the Hartree-Fock (HF) wave function for the core This technique can also be described as that all the core electrons are assumed to only excite to a pseudo-state with an energy of ∆ (ℓ) and the related oscillator strength is set by Eq. 22. As an example, Fig. 2 presentes how we derived the dipole, quadrupole and octupole core oscillator strengths of Na.
The core electrons were assumed to only excite to pseudo-states with energies ∆ (1) , ∆ (2) and ∆ (3) via dipole, quadrupole and octupole transitions respectively. The multipole oscillator strengths f
and f
were set by Eq.22 and the energies ∆ (1) , ∆ (2) and ∆ (3) were solved with constraints that the sum-rules are equal to the reference values of the dipole, quadrupole and octupole polarizabilities.
General comment for the alkali atoms and alkali-like ions
The underlying structure models [38] used for the Li→Cs and Be + →Ba + sequences very closely resemble structure models used in previous non-relativistic calculations of these atoms [4] . Calculations is the same as the experimental energy. The wave functions for the valence electrons are expanded in a basis of L-spinors [39, 38] . The impact of core-polarization upon the multipole transition operators are included when the transition matrix elements are computed [40] . The reduction of the calculation to effectively a one-electron problem makes it possible to eliminate basis set size as a significant source of error in the calculation.
For most of these atoms and ions, the binding energies of the lowest ns, np J and nd J systems were tuned to be very close to experiment, typically the differences with experimental energies were less than 10 −6 Hartree. The energies of the next lowest excited states of each symmetry were not necessarily the same as experiment, but for the calculation of the dynamic polarizabilities these energies were adjusted manually to be the same as experiment.
Lithium
The present oscillator strength distributions are very similar to those used in a previous nonrelativistic investigation of the dispersion coefficients of various low-lying states of the lithium dimer [41] . It can be seen from Table 1 that the present polarizabilities agree with Hylleraas calculations to an accuracy of about 0.1%.
Sodium
As in the case for lithium, a previous non-relativistic investigation of the sodium polarizabilities and dispersion coefficients has been made with a structure model very similar with the present calculation [4, 42] . The differences in polarizabilities from this earlier calculation do not exceed 0.1%. Polarizabilities from the present calculation are within 0.5% of the polarizabilities from relativistic many-body perturbation theory calculations (RMBPT) [43, 17] .
Potassium
Details of the structure model can be found in previous works which investigated the tune-out wavelengths for potassium [38, 44] . Polarizabilities from this calculations are within 0.5% of the polarizabilities from RMBPT calculations [43, 17] .
Rubidium
The details of the model are very similar to a previous non-relativistic semi-empirical description of Rb [4] . Numerical values from this earlier calculation (labeled CICP) are included in Table 1 and are within 0.4% of the present polarizabilities. The polarizabilities from the RMBPT calculations [17] are all within 1% of the existing values.
Cesium
The calculations on cesium are completely new and follow a methodology recently applied to other alkalis [38, 44] . The present and RMBPT polarizabilities agree to better than 1%.
Copper and Silver
The models used for Cu and Ag were non-relativistic. The details of the model used to compute the oscillator strengths can be found in [45] . The core for these atoms contains a weakly bound (n − 1)d shell and the core polarizabilities are more than 10% of the total polarizability. The oscillator strength distribution does not allow for physical excitations out of the (n − 1)d core. The notional precision of the polarizabilities for these two atoms is about 5 − 10%.
Be
+
The polarizabilities of Be + have previously been computed with a non-relativistic semi-empirical model [46] and a Hylleraas calculation [47] . The present polarizabilities agree to better than 0.1% with the Hylleraas calculation. There is a large difference of the octupole. The ℓ = 3 orbitals are on the threshold of having an orbital collapse into an inner potential well [55, 56] and this makes the nf orbitals, and polarizabilities, relatively sensitive to very small changes in the interaction potential. So the 10% difference of the octupole with the RMBPT calculation was not surprising.
Beryllium
The Be transition matrix element list was obtained from a large dimension CI calculation with a semi-empirical polarization potential to represent core-valence correlations. The semi-empirical potential included both one and two body polarization potentials [4, 57] . For this calculation the energies of the lowest three dipole excited states were set to be the same as experiment [58] . These calculations are non-relativistic and hence do not explicitly include intercombination lines to the triplet states.
Oscillator strengths for the transitions to the 3 P o 1 states were added to the oscillator strength list by utilizing values from other atomic structure calculations [58, 59] . The intercombination transition has an insignificant affect on the dipole polarizability except at frequencies very close to the transition frequency. The level of agreement with calculations [60] that used explicitly correlated Gaussians (ECG) [61] is better than 0.2%. The ECG calculations did not include relativistic or finite mass effects.
Magnesium
The structure calculations used to construct the oscillator strength distributions are described in Ref. [62] . The methodology is very similar to the approach adopted for beryllium. The energies of the three lowest 1 P o 1 states were set to experimental values [63] . The level of agreement with fully relativistic configuration interaction plus many body perturbation theory calculations (RCI+MBPT) [13, 17] is better than 1% for the dipole and quadrupole polarizabilities with a 4% difference for the octupole polarizability. Oscillator strengths for the two lowest energy transitions to the 3 P o 1 states were added to the oscillator strength list by utilizing values from other atomic structure calculations [58, 64, 65] .
Calcium
The structure calculations used to construct the oscillator strength distributions are described in Ref. [66] . The energies of the three lowest 1 P o 1 states were set to experiment [63] . Oscillator strengths for the two lowest energy transitions to the 3 P o 1 states were added to the oscillator strength list by utilizing matrix elements from other atomic structure calculations [58, 67] . The energies of the
state were set to experiment. The polarizabilities agree with RCI+MBPT calculations [13] to an accuracy of better than 1.5% for the dipole and quadrupole transitions. The level of agreement is poorer for the octupole polarizabilities with a discrepancy of 6%.
Strontium
The structure calculations used to construct the oscillator strength distributions are described in
Ref. [68] . The energies of the two lowest 1 P o 1 states were set to be the same as experiment [63] . The matrix element for the resonant transition was set to experiment [68] . Oscillator strengths for the two lowest energy transitions to the 3 P o 1 states were added to the oscillator strength list by utilizing values from other atomic structure calculations [58, 69] . The energies of the triplet state were set to experiment [63] .
Barium
The structure calculations for barium are new. These calculations follow the same non-relativistic technique used to determine wave functions and oscillator strengths for strontium [68] . The two electron binding energies of the lowest energy states were adjusted to be the same as experiment [63] .
The matrix element for the resonant 6s 2 1 S e 0 -6s6p 1 P o 1 transition was taken from experiment [70] . The oscillator strength for the intercombination line was added manually by utilizing a value from other atomic structure calculations [58, 71] . The energy of the triplet states were set to experiment. 15
Helium(1s
2 )
The helium wavefunctions were obtained using the configuration interaction (CI) method. The CI basis consisted of all possible configurations that could be formed from a single electron basis consisting of 30 Laguerre type orbitals [72] for each angular momentum with individual terms included up to ℓ = 5. The parameter in the exponential term was set to 2.70. The polarizabilities agree to better than 0.05% with polarizabilities from Hylleraas calculations [11] . Omitted finite mass and relativistic effects are important at the 0.01% level of accuracy [73] .
Neon, argon, krypton and xenon
The dipole oscillator strength distributions for rare gas atoms are those of Kumar and Meath [5, 6] .
These distributions were derived from discrete transition rates and photoionization cross sections that were constrained to be consistent with the experimental refractive index and the Thomas-Reiche-Kuhn sum-rules. The accuracy assigned to the derived dispersion coefficients is typically of order 1%.
The method to determine the quadrupole and octupole oscillator strengths for the rare gas atoms is similar to the method described in section 3.2 for core excitations. A detailed description of the treatment can be found in [74] . A noteable difference with the determination of the core oscillator strength distrbution is that one electron in the valence np shell is treated differently. This electron is assumed to excite to a pseudo-state with an energy ∆ b are determined by constraining the oscillator strengths sum-rules to agree with sophisticated calculations of the multipole polarizabilities and the C 8 and C 10 coefficients for the homonuclear dimers [74, 75, 76, 77, 15] .
In the case of Kr and Xe, corrections were made to the reference polarizabilities to incorporate relativistic effects. The accuracy of the quadrupole and octupole oscillator strength distributions has been estimated elsewhere [74] . A reasonable estimate of the relative uncertainty in any sum-rule utilizing the quadrupole or octupole dynamic polarizabilities would have 5% as the upper limit.
He(1s2s
3 S e )
The oscillator strength distribution used here was initially determined to compute the tune-out wavelengths of the helium metastable state [78] . The oscillator strength distribution was taken from a non-relativistic calculation computed within a frozen-core approximation in which the 1s core electron could excite to three states. This was labeled as the CICP model [78] .
Overview
The accuracy of the polarizabilities is system dependent. Results for the alkali atoms and alkali-like ions are generally the most accurate. The energies for the lowest dipole excited states are accurate to 10 −6 a.u.. The line strengths (i.e. the square of the reduced dipole matrix elements) are accurate to 0.1% for Li and Be + . The accuracy degrades as the systems increase in size, and is probably about 1-2% for Cs and Ba + .
The accuracy achieved for the alkaline-earth atoms is comparable in quality to that achieved for the corresponding alkali atom in the same row of the periodic table. Although the Hamiltonian is non-relativistic, the use of a tuned polarization potential to some extent compensates for relativistic effects. These can be seen from the comparisons between relativistic and non-relativistic polarizabilities of K using the present semi-empirical approach [79, 38] . The change in complexity going from oneelectron atom to a two-electron atom hardly decreases the accuracy since the underlying configuration interaction calculations utilize very large basis with more than 150 orbitals.
The oscillator strength distributions for the alkali, and alkaline-earth ions will give reasonable descriptions of the actual dynamic dipole polarizabilities below the first two excitation thresholds. The dynamic polarizabilities for the alkaline-earth atoms will be reliable for energies below the excitation threshold for the resonant ns 2 1 D e → nsnp 1 P o transition. The dynamic polarizabilities for copper and silver should be reliable to the stated energies below the first excitation threshold. The oscillator strength distributions of rare gases can be expected to become less reliable as the first excitation threshold is reached.
Dynamic polarizability and dispersion coefficient tabulations
Real frequencies
The effective oscillator strength distributions for dipole, quadrupole and octupole transitions for all systems are given in Table 2 . These distributions, by their design, give the same results as the large calculations shown in Table 1 . They will also give reasonably accurate dynamic polarizabilities for real frequencies below the first excitation thresholds, although these are not presented here. Fortran programs that compute polarizabilities are available on a web-site maintained by the authors [80] .
Imaginary frequencies
The dynamic polarizabilities for dipole, quadrupole and octupole transitions at imaginary energies are listed in Table 3 . They are computed at frequencies based on a 40-point Gaussian rule that was used for the consequent integrals presented in the paper. Note that the grids and integration weights used for the frequency integrations are given in Table C to 7 significant figures, although the calculations in   Table 3 were performed at machine precision. Table 4 gives the C 6 , C 8 and C 10 dispersion coefficients for all combinations of the atoms listed in the article. This table was generated using the effective oscillator strength distributions (using full machine precision) using 40 point integrations. The C 6 parameters in the tabulation lie very close to those of the Derevianko et al. tabulation [17] for systems involving the same atoms. The largest discrepancy for a homo-nuclear dimer occurs for barium and was 4%. The relative accuracy of the other dispersion coefficients can be estimated by reference to the text above and via the references where the initial versions of our oscillator strengths were first computed.
Dispersion coefficients
The long-range dispersion coefficients are also given for the ion-atom dimers, such as Mg + -He. The ion-atom interaction, however, also contains a (stronger) long-range polarization interaction. This has
where α d is the static polarizability of the neutral atom [48] .
Fortran programs that compute dispersion coefficients are available on a web-site maintained by the authors [80] .
Impact of finite precision tabulations
The final issue to consider here is the impact of using the tabulated values which are presented with less precision than were used in the actual calculations. As an example, reconsider the case of the dispersion coefficients of cesium as shown in Table B . With the 40-point integration rule the full machine precision calculations gave C 3 = 4.26006536827215, C 6 = 6732.75009436665, C 8 = 1003153.22396368, C 10 = 157922221.740791. If one uses the effective oscillator strengths as tabulated in Table B to compute the polarizabilities, at the frequencies tabulated in Table C , and then perform the integrations, then the result is C 3 = 4.2600653298881, C 6 = 6732.74980359221, C 8 = 1003153.18636727, C 10 = 157922216.822495. Thus the finite precision is not an issue since the noise generated by the truncation is much lower than the difference between the present dispersion coefficients and other accurate theoretical calculations.
Conclusion
Effective oscillator strength distributions and dynamic dipole polarizabilities at imaginary frequencies have been given for eighteen atoms and five alkali-like ions. All the atoms and ions are in a spherically symmetric state. Providing the effective oscillator strength distributions means that the dynamic polarizabilities are not restricted to the frequencies tabulated here.
The present work should be regarded as the first step in an ongoing effort that aims to provide a data repository that will facilitate the determination of long-range interactions for more pairs of atomic and molecular systems [80] . Tables   Table 1. Multipole polarizabilities and atom-wall dispersion parameter for all atoms and ions.
Explanation of
The first row for any system is computed from the oscillator strength distributions used in this work. The other rows for each system give polarizabilities taken from other sources.
C 3 atom-wall dispersion parameter in a.u. Table 2 . The dipole, quadrupole, and octupole effective oscillator strength distributions.
The oscillator strengths are in the f column and excitation energies (in a.u.) are given in the ε column. Effective oscillator strengths for alkali and alkaline-earth systems are given in the following order. Firstly the oscillator strengths for core excitations are given. These can be identified easily since the oscillator strength is usually a whole number, such as 2.0. Next, the oscillator strengths for physical transitions are listed. Finally, the effective oscillator strengths that account for transitions to the higher excited states and continuum are listed.
Different superscripts c, r, p and e are used to identify each transition corresponding to core excitations (c, computed as per [4] ), real physical excitations (r), excitations to pseudo-states (p) andeffective excitations (e). The calculations of the core for He(1s2s 3 S e ) adopted a different method that can be found in [78] and thus they are labeled by the superscript d. The oscillator strength distributions of the rare gas atoms are computed as per [5, 6, 74] Superscript g rare gas atoms Table 3 . The dipole, quadrupole, and octupole dynamic polarizabilities of all atoms and ions (in a.u.).
The dynamic dipole, quadrupole, and octupole polarizabilities (in a 3 0 ) at a set of photon energies that constitute a quadrature rule for the Casimir-Polder integral. The energies and integration weights are given in Table C . Table 4 . The dispersion coefficients, C 6 , C 8 and C 10 (in a.u.).
The dispersion coefficients, C 6 , C 8 and C 10 (in a.u.) for all possible pairs of atoms and ions. The
He I(T) represents the He 1s2s
3 S e . Table 3 The dipole, quadrupole and octupole dynamic polarizabilities (in a.u.) for all atoms and ions. See Page 25 for explanation of tables. 
